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FOREWORD 


This report presents the results of a survey of the biomedical research program of the National Aero- 
nautics and Space Administration. The survey covers the research activities of biomedical scientists working at 
NASA Centers^ academic institutions, and industrial facilities. The purpose is to describe the principal prob- 
lem areas faced by NASA in support of manned space flight and to present an overview of current efforts 
addressing each problem. 

This survey was requested by the Life Sciences Division of the National Aeronautics and Space Adminis- 
tration and was conducted under Contract NASW-3469 with BioTechnology, Inc. 
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1. MAN IN SPACE 


“My condition is good.” 

This statement, made by Astronaut Alan Shepard 
during his suborbital flight on 5 May 1961, was the first 
medical report from an American in space. Since then 
there have been many such reports, all carrying the same 
message: Humans can live and work in space rather well. 
However, as we now know, we do experience a number of 
physiological changes. 

The fact that humans must adjust physiologically to resi- 
dence in space should come as no surprise. By Earth’s 
standards, space is a most unusual place. The normal day- 
night circadian cycle is gone; radiation levels are much dif- 
ferent; the familiar force of gravity, to which our bodies are 
physiologically adapted, is replaced by weightlessness. 

The many environmental differences between space and 
Earth led to pessimistic predictions during the early days of 
preparing for the first manned flights. Some scientists felt 
there would be functional difficulties, such as an inability 
to sleep, urinate, or reach properly for distant objects. 
Others saw the possibility of more dramatic physiological 
problems, such as heart irregularities and gastrointestinal 
disturbances. Little wonder that there was considerable 
relief when the Project Mercury flights, including one 
which extended for 22 orbits of the Earth, showed that 
man could, in fact, live in space and do the tasks required 
of him. 

The first opportunity to examine in detail the effects of 
space flight on man was in the Gemini Program. The 
Gemini 7 flight, launched on 4 December 1963, lasted for 
14 days and was dedicated for the most part to biomedical 
research. Astronauts James Lovell and Frank Borman made 
206 revolutions of the Earth in a capsule with a habitable 
interior of less than one and one-half cubic meters — about 
the size of the front seat in a Volkswagen Beetle. Their 
mission provided the first opportunity to study the ex- 
tended effects of weightlessness on human physiology and 
to determine the response of astronauts to long-term con- 
finement in a space vehicle. The results of the Gemini 
studies began to spell out the dimensions of man’s adjust- 
ment to residence in space. 

The Apollo missions had a very specific goal: To reach 
the moon, explore its surface, and return safely. Although 
biomedical studies were limited, new findings were made. 
For the first time in the U.S. manned space program, dis- 
turbances of the inner ear, the organ primarily responsible 
for maintaining balance, were noted. In the Apollo 8 and 
9 flights alone, five of the six crewmen developed some 
degree of space motion sickness, leading to vomiting in 
two of the instances. Although the problem was generally 
confined to the first day, in some cases it disrupted 
planned flight activities. 


Significant Biomedical Findings 
in the Gemini Program 

Moderate loss of red cell mass 
Moderate postflight orthostatic intolerance 
Moderate postflight loss of exercise capacity 
Minimal reduction in bone density 
Minimal loss of bone calcium and muscle 
nitrogen 

High metabolic cost of extravehicular 
activity 


The three Skylab missions, lasting for 28, 39, and 84 
days, allowed in-depth studies of man as he adapts to life 
in space. Many detailed medical experiments were con- 
ducted. Changes which had been seen in Gemini and 
Apollo mission astronauts were studied more rigorously. 



Astronauts William R. Pogue and Gerald P. Carr 
demonstrate weightless effects during the 84-day 
Skylab 4 flight. 
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PILOT 



Continuing urinary calcium excretion by the Skylab 4 
pilot over an 84-day period (Prom Biomedical Results 
from Skylab). 


The Skylab investigations identified three types of space 
effects. The first type includes acute disturbances, tem- 
porary in nature, but important nonetheless. The occur- 
rence of space motion sickness was observed more frequently 
in Skylab than during earlier programs. Three astronauts 
had episodes of motion sickness when they first entered the 
large-volume workshop of Skylab, even though they had 
the opportunity to adapt to orbital conditions before trans- 
ferring to the workshop. Although not life-threatening in 
a medical sense, space motion sickness is a problem if it 
reduces the effectiveness of astronauts at times when pre- 
cise performance is critical. 

A second type of change includes those which represent 
adaptation of the body to weightlessness. Fluid loss and 
cardiovascular deconditioning appear to be such responses. 
In general, but with considerable variability among 
astronauts, tests show that loss of cardiovascular tolerance 
to an erect posture under the influence of gravity (ortho- 
static intolerance) develops after four to six days of flight. 


with greatest instability and intolerance during the first 
three weeks. After this, there seems to be a stabilization of 
response at a level considerably different than the preflight 
measure. The cardiovascular system has made an accom- 
modation to a new biological state. 

There is every reason to believe that these responses are 
normal and pose no risk for an astronaut—as long as he re- 
mains in space. But what happens when, sometime later, 
this deconditioned system must withstand the sudden 
deceleration forces of reentry into the Earth’s atmosphere? 

The third class of change seen in space flight is progres- 
sive, at least for flights of up to three months. One problem 
is the loss of bone mineral, which could be symptomatic of 
a disturbance in the metabolism of the musculoskeletal 
system. Inasmuch as weightlessness removes the normal 
weightbearing stress from the long bones of the legs and 
spine, some change in bone composition is to be expected. 
Skylab results, which show a continuing loss of calcium 
throughout flight, do not suggest any self-limiting feature, 
although longer Soviet flights do show some attenuation of 
the process. Some measures will have to be devised to pre- 
vent serious musculoskeletal problems during these long 
flights. 

The alterations in the human body just discussed repre- 
sent man’s response to the stresses of space and illustrate 
the range of biomedical problems needing attention as 
plans are made for more extensive manned space missions. 
The problems are difficult but not insurmountable. 
Through the work of a team of biomedical scientists and 
engineers, N ASA is achieving new medical understandings 
of these problems and is developing countermeasures 
which will alleviate the physiological stresses imposed by 
travel in space. 
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2. THE SPACE SHUTTLE 


The first orbital flight of the Space Shuttle in April 1981 
has been acclaimed for its remarkable success. This flight, 
which achieved every engineering design goal, represents a 
real step toward a larger goal of changing the nature of the 
American space program. In the past, the development of 
spacecraft systems and the exploration of near space have 
been themes. In the 1980’s, these themes will be ex- 
panded and will emphasize the benefits of practical work 
in space. 

The Space Shuttle is the first reusable spacecraft, lifting 
off like a rocket and landing as an airplane. It consists of 
the Orbiter, two recoverable Solid Rocket Boosters, and an 
expendable External Tank. The Orbiter is built to last for 
at least 100 flights. Its crew consists of two pilots and as 
many as five scientists or technicians to manage the pay- 
loads. Payload capacity is impressive. The Orbiter can 
deliver single or mixed payloads of up to 65,000 pounds 
(29,500 kilograms) into near-Earth orbit. Following a 
nominal mission of seven days, the Orbiter can return to 
Earth with a payload of 32,000 pounds (14,515 kilograms). 

One of the payloads to be carried into orbit by the Space 


Shuttle is the Spacelab, Built by the European Space 
Agency, the Spacelab is a large module, capable of being 
assembled into many different configurations depending 
upon the use desired of it. One configuration of the Space- 
lab will be a pressurized module where experimenters can 
work in a shirt-sleeve environment. A connecting tunnel 
will allow movement from the Shuttle’s crew compartment 
into the Spacelab. Instruments can be mounted on a pallet 
outside the rear of this module, if direct exposure to space 
is required. The tending of these instruments and experi- 
ments will require extravehicular activity by crewmembers 
while wearing pressure suits. 

Certain of the Spacelab missions will be dedicated to life 
sciences research. These flights present an opportunity for 
investigators to conduct experiments on living organisms, 
including man, in the space environment. The effects of 
weightlessness, in particular, and of gravitational forces of 
less than one-g can be studied in detail during these investi- 
gations. Experimentation aboard Spacelab represents a 
logical next step to the ground-based research conducted 
under NASA’s Biomedical Research Program. 
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3. NASA BIOMEDICAL RESEARCH 


The Biomedical Research Program in NASA was estab- 
lished to investigate the major physiological and psycho- 
logial problems encountered by man during space flight. 
There are several areas of interest. These areas address 
specific physiological problems that have either been en- 
countered in previous manned space flights or are antici- 
pated to occur as space flights become longer and other- 
wise differ from earlier missions. The next sections describe 
each of these areas of investigation. 

The research efforts within the Biomedical Research Pro- 
gram are for the most part ground-based although they in- 
clude the use of aircraft flying parabolic trajectories and 
other specialized procedures for simulating weightlessness. 
The program is intended to develop new knowledge rele- 
vant to issues of man in space, to solve problems encoun- 
tered during space missions, and to establish a framework 
within which later experimentation in space can be con- 
ducted. Many of the experiments now selected or being 
considered for flight in the Space Shuttle were conceived 
and nurtured by this ground-based program. 

Considerable program attention is directed toward the 
motion sickness problem because of its relevance to Space 
Shuttle operations. Cardiovascular and musculoskeletal 
studies are being pursued since we recognize that funda- 
mental knowledge must be acquired in these areas if effec- 
tive countermeasures are to be devised against the effects 
of long-term flight or of repetitive shorter flights. In- 
creased awareness and understanding of the radiation 
hazard has resulted in more emphasis being placed on the 
biological effects of high energy, heavy particulate radia- 
tion and upon radiation protection. Major new avenues of 
research will deal with the psychological factors influencing 
performance effectiveness during space flight. There also 
are efforts to develop mathematical models of physiologi- 
cal systems which will describe the response of these 
systems to stresses found in space. 

Research is conducted in both intramural and extra- 
mural laboratories. The intramural laboratories are pri- 
marily those at the Ames Research Center, Moffett Field, 
California, and the Lyndon B. Johnson Space Center, 
Houston, Texas. Additional work is conducted at the 
Langley Research Center, the Kennedy Space Center, and 
the Jet Propulsion Laboratory. Extramural research is 
pursued throughout the United States in universities, 
other Government laboratories, and occasionally at indus- 
trial facilities. 

The Biomedical Research Program supports scientific in- 
vestigations by over one-hundred principal investigators. 
These individuals are conducting research which has been 
judged to have scientific merit and to be related to the 
broad goals of the National Aeronautics and Space Admin- 
istration. Through their efforts, progress is being made 


towards understanding and solving the physiological prob- 
lems of sustaining human life and productivity during 
future U.S. space missions. 

Individuals wishing to conduct research directed toward 
the problems of NASA should request a copy of the bro- 
chure “The NASA-University Program: A Guide to Poli- 
cies and Procedures, “ obtainable from the University 
Affairs Office, Washington, D.C. 20546, 

Space Motion Sickness 

Space motion sickness was not recognized as a problem 
on early Mercury and Gemini missions. It was not until the 
Apollo and Skylab flights that a significant number of 
astronauts began experiencing motion sickness-type symp- 
toms, perhaps because the larger cabin volume permitted 
greater movement. The symptoms range from queasiness 
and nausea to actual vomiting. Anti-motion sickness drugs 
that are useful on Earth were not very effective in dealing 
with the problem. The symptoms disappear after three to 
five days in space and most crews apparently are quite 
resistant to this ailment for the remainder of a mission. 
Post-flight, however, symptoms that seem to be related to 
motion sickness have reappeared in some crewmembers, 
particularly in those who showed inflight symptoms. 

The problem of space motion sickness has not proved 
troublesome in long duration missions, but it may be quite 
important for the shorter flights of the Space Shuttle. 
Three to five days of sickness would seriously hamper the 
performance of susceptible astronauts and could greatly 
impact the success of a mission lasting only a week. 

The most probable hypothesis to explain the occurrence 



The inner ear, showing the principal components used 
for balance and for detecting change of position. 
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of motion sickness in space implicates the vestibular organ, 
located in the inner ear. This organ contains sensory recep- 
tors that detect head movement and the direction of 
gravity and send this information to areas of the brain that 
control movement, coordination, equilibrium, and bal- 
ance. Normally, visual signals and other information from 
muscle and joint receptors are integrated with the vestibu- 
lar signals, resulting in accurate balance, smooth move- 
ment, and eye-hand coordination. In space, the part of the 
vestibular organ that detects gravity undoubtedly sends 
unusual neural signals to the brain. Many scientists 
hypothesize that the “sensory conflict, “ the conflict be- 
tween the vestibular, visual, and kinesthetic information, 
is the primary cause of space motion sickness. Although 
other theories have been advanced, none appears more 
consistent with the observations that have been made. 

A major objective of the Biomedical Research Program is 
to determine the cause of space motion sickness. The belief 
that sensory conflict underlies this affliction serves as a 
starting point for many investigations dealing with the 
anatomy and physiology of the vestibular organs and their 
response to stimuli. A number of experiments currently are 
underway involving a variety of organisms including 
rodents, small mammals, and man himself. There are 
many objectives of these studies. The mode of operation of 
the vestibular nerve, how sensory information is received 
and processed, the interaction of the vestibular system with 
what is visually perceived, the reaction of the organs of the 
inner ear when the body is suddenly or forcibly moved or 
reoriented, and the brain’s role in controlling the system 
are just a few of the areas presently under study. As a 
means of integrating the results of these many studies, 
mathematical models to describe the entire system are be- 
ing developed. Manipulation of these models is expected 
to lead to new and fruitful research approaches. 

Much current research deals with the neuroanatomy and 
physiology of vestibular action. Scientists at the NASA 
Ames Research Center in California are working on visual- 
vestibular interaction in the vestibular nuclei of the cat, an 
animal whose susceptibility to motion sickness is appar- 
ently quite similar to that of man. These studies will pro- 
vide new insights into the neural crossovers of the two sen- 
sory modalities. 

Although more and more information on the workings 
of the vestibular system is being gained, predicting the 
susceptibility of an individual to space motion sickness has 
so far proved elusive. Astronauts who show no symptoms 
during vigorous aerobatic maneuvers may well suffer mo- 
tion sickness in space. Pre -flight ground tests of suscepti- 
bility have not yet been fully successful in predicting symp- 
toms in space, but new approaches are being investigated. 
One promising avenue emphasizes not just an individual’s 
initial resistance, but also his capacity to adapt to a motion 
stimulus after several exposures. Tests measuring tolerance 
to the weightlessness induced by parabolic aircraft flight 
play an important role here. 


Since it is not yet possible to predict an individual’s 
response, countermeasures to space motion sickness are of 
paramount importance. In addition to the orally- 
administered drugs that normally are effective for motion 
sickness in the Earth environment, other pharmaceutical 
preparations and modes of administration that might 
prove effective in space are being studied. Such drugs may 
one day be used routinely to stem the symptoms of motion 
sickness in those first few days of space flight while the 
body adapts to its new environment. 

One potentially effective countermeasure is prior adap- 
tation to the types of movement that might be encoun- 
tered in flight. After several exposures to an environment 
that produces motion sickness, most individuals become 
somewhat habituated and more resistant. The effective- 
ness of this type of prevention procedure, used immedi- 
ately prior to a space mission, is being actively explored. 

A novel approach to the problem of space motion sick- 
ness involves the use of biofeedback. Subjects learn to con- 
trol their own heart rate, skin temperature, and other 
physiological functions by observing changes in these func- 
tions on monitors. When they are exposed to unusual mo- 
tions, they appear to be able to use biofeedback training to 
suppress the initial symptoms of motion sickness. 

While space motion sickness may not be life threaten- 
ing, it might well affect the performance of an astronaut 
during a critical part of a mission. The development of 
procedures for the prediction and control of space motion 
sickness is a high priority effort in the Biomedical Research 
Program. Research to date has shown that solutions will 
come only as we solve some very complex problems in 
neurophysiology. 

Cardiovascular Deconditioning 

The cardiovascular system undergoes a deconditioning 
process in space, apparently in response to the absence of 
gravity. In the weightless environment of space, body 
fluids are not forced toward the lower extremities as would 
be the case under the pull of gravity. Consequently, when 
one first enters space, there is a headward shift of fluids. 
Body receptors interpret this as an increase and the body 
adjusts by lowering the total blood volume, with a net loss 
of plasma. The heart now does not have to work quite as 
hard to circulate the blood. This results in a number of 
changes. Comparisons of X-rays taken before and after 
flight show a slight decrease in heart size, and measure- 
ments of cardiac electrical activity reveal subtle alterations. 
Studies on experimental animals returning from space 
flight show slight changes in heart muscle . Although most 
changes appear to stabilize within a few weeks, there is 
concern that exposure to space flight, particularly in long 
duration missions, might result in changes in cardiac func- 
tion such that reentry to Earth, and return to a one-gravity 
field, might cause serious problems. 

An important phenomenon associated with decondi- 
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Geometrical measurements were taken from pre- and 
postflight X-rays to determine whether there were any 
changes in cardiac size. Most astronauts show slight 
decreases in heart size on the day of recovery. 

tioning of the cardiovascular system in weightlessness is 
orthostatic intolerance — an inability to stand erect under 
the influence of gravity and maintain that posture without 
feeling faint or actually fainting. Pronounced orthostatic 
intolerance frequently is found during postflight examina- 
tions. In general, a test of the extent of orthostatic intoler- 
ance has come to be considered one of the best measures of 
the extent of the deconditioning process. 

One technique that has been used both to measure 
orthostatic intolerance and to counteract its effect is the 
lower body negative pressure (LBNP) test. In the LBNP, an 
astronaut is encased in a container from the waist down, 
while the pressure within the container is lowered. This 
produces a shift of body fluids towards the legs, much like 
the change in posture when one stands. One advantage of 
the LBNP test is that it can be used to assess cardiovascular 
status in the weightless environment and thus measure the 
development of deconditioning effects as a space mission 
progresses. 

While experiments conducted on earlier U.S. missions 
defined the major cardiovascular alterations, scientists re- 
quire the controlled conditions of ground-based research 
to further understand how these changes develop. Several 
types of simulation can produce effects very similar to 
those observed in weightlessness. These simulations serve 
as analogs for the weightless state and allow direct 
measurements to be made of circulatory physiology. 
Equally important, the simulation can be conducted using 
individuals with a range of ages and backgrounds who may 
differ from the astronauts of earlier flights, but who are 


more representative of the scientists and technicians who 
will fly aboard the Space Shuttle in coming years. 

Extended bed rest, in either the horizontal position or 
with the head tilted slightly down to accentuate headward 
fluid shifts, is one of the most widely used models for 
studying deconditioning with human subjects. Studies 
with animals also are being undertaken, using immobiliza- 
tion in body casts as the analogous model. Water immer- 
sion also results in headward fluid shifts. This latter tech- 
nique is especially appropriate for studies of the more 
acute changes associated with exposure to zero gravity. Un- 
fortunately, experiments cannot be conducted for as long a 
period as with the bedrest model. 

Studies using analog systems as described above, not 
only in the United States but also in the Soviet Union and 
in Europe, are attempting to understand the basic mecha- 
nisms underlying cardiovascular deconditioning. Basic 
studies are underway to determine why simulated weight- 
lessness affects cardiac dynamics, myocardial ultrastructure, 
peripheral circulation, vessel tone, hormone production, 
and blood pressure and volume. To facilitate this effort, 
instrumentation is under development that will provide 
more accurate and detailed information about cardio- 
vascular changes. For example, a method of imaging car- 
diac dynamics using radionuclides is being tested, and a 
simpler technique to measure cardiac outputs is being 
developed. An ultrasonic device for use with primates has 
been designed to detect flow patterns in major blood 
vessels. These and other instruments will help to provide 
researchers the data necessary to understand the changes as 
the cardiovascular structure undergoes deconditioning. 

Measures taken after space flight show the effects of car- 
diovascular deconditioning in all astronauts. However, 
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there is considerable variability among crewmembers. 
Everyone is not affected equally. Therefore it is desirable to 
be able to predict an individual's susceptibility to cardio- 
vascular disturbances and to estimate tolerance to the 
deceleration forces of reentry. Procedures for measuring 
susceptibility are being developed. The most promising 
approach involves the use of a doppler meter that monitors 
the flow of blood to the head as posture changes. The 
ability to use systems such as this to assess the likely impact 
of deconditioning becomes quite important as the popula- 
tion of future space travelers expands to include scientists 
and researchers who will not have the same physical quali- 
fications as earlier astronauts and who will be even more 
variable. 

Perhaps the most urgent problem is to design effective 
countermeasures to prevent, or at least minimize, the 
effects of deconditioning. Countermeasures now being 
tested in zero gravity simulation studies include antigravity 
suits, abdominal pressure devices, fluid replacement tech- 
niques, body cooling, and a novel procedure involving 
whole-body oscillation to modify blood flow and distribu- 
tion. A number of drugs are being evaluated, and the 
beneficial effects of exercise are being examined. The ex- 
perience of Skylab and Salyut crewmembers suggests that 
intensive inflight exercise reduces the amount of decondi- 
tioning and hastens the recovery process post flight. Exer- 
cise may also be valuable as a countermeasure for the 
muscular atrophy and skeletal alterations associated with 
long duration space flight. 

Bone Alterations 

The weightless environment of space produces important 
changes in the skeleton, particularly in those bones that 
normally bear weight. Pre- and postflight measurements of 
bone density have shown that bones lose minerals approx- 
imately in proportion to the length of time spent in space. 
Studies of calcium balance have demonstrated net urinary 
and fecal losses and have suggested a diminished 
gastrointestinal absorption. Skylab crewmembers showed 
losses of calcium, phosphorus, and nitrogen, with a rate of 
loss for calcium of about six grams per month or 5 /10th 
percent of total body calcium per month. While bone de- 
mineralization at this rate will not be significant on short 
missions of the Space Shuttle, on longer flights or perhaps 
on repetitive short flights these bone alterations might lead 
to an increased incidence of fracture, bone deterioration, 
or kidney stones. 

NASA scientists conducted experiments in the Soviet 
Cosmos missions to examine changes in the metabolism 
and mechanical properties of bone. Rats exposed to 
weightlessness during an 18-day flight showed a decrease 
of about 45 percent in the rate of formation of certain 
bones. 

Research is underway on the basic processes of bone for- 
mation and resorption and on calcium metabolism in 
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Change in nitrogen balance in space flight, 

general. Investigations are planned to assess the roles of 
several hormones and proteins, including parathyroid hor- 
mone, calcitonin, and dihydroxy vitamin D. Animal 
studies are investigating the importance of local factors 
such as blood flow and neural input in bone formation. 
The role of the mechanical stress of gravity on bone 
metabolism is largely unknown at present, and researchers 
are taking advantage of zero-gravity simulations to in- 
vestigate this phenomenon. 

Prolonged bed rest is a useful tool to simulate zero 
gravity in research with human subjects. A number of 
other techniques, based, on physical restraint, also are 
being explored using primates, rats, and dogs. Immobili- 
zation in body or limb casts is widely used for . primate 



Dimensional display of the cross section of a monkey 
tibia, taken at the level of the tibial tuberosity. Anterior 
tibia is shown to the right; the smaller fibula is shown 
below and to the left. 
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studies, and a harness that removes the weight load from 
the legs is employed for rats. 

Recent investigations have kept healthy human subjects 
in complete bed rest for as long as 36 weeks. Results appear 
to parallel those found during long space missions. 
However, since gravity is always present even during the 
inactivity of bed rest, there remains a need to conduct 
research in weightlessness. The Spacelab missions provide 
opportunities for such research. 

A major thrust of current NASA-supported research is 
toward improved procedures for measuring bone mineral 
content. One such technique has been developed to 
measure the mineral content of the spongy interior of 
vertebrae using computer-assisted tomography. With this 
procedure, vertebral mineral loss in healthy bedrested sub- 
jects was found to be approximately 2 . 5 percent per month. 
This rate of loss, if occurring in astronauts during long- 
term space flight, could have serious clinical consequences. 

Since exercise regimes tested thus far have not been 
shown to be particularly effective in preventing mineral 
loss, the action of various drugs is under investigation. 
Promising results have been obtained in preventing an in- 
crease in urinary calcium in immobilized subjects using a 
diphosphonate compound. The success of other individual 
drugs is encouraging and points to the possibility of devel- 
oping a combination of therapeutic agents which will 
maintain bone integrity through long-duration space mis- 
sions. 

In order to integrate the results of the different research 
efforts and to further our understanding of bone altera- 
tions, scientists at the NASA Johnson Space Center are 
attempting to develop a mathematical model of calcium 
metabolism. The model is a compartmental feedback 
model consisting of four major sections: an input /output 
system, a distributing system, a storage system, and a regu- 
latory system. 

Muscle Atrophy 

Movement during the weightlessness of orbital space 
flight is a simple matter. Very little muscular effort is in- 
volved — a slight push by one's arm is sufficient to begin a 
move from one place in the spacecraft to another. There is 
almost no real requirement for leg movement. 

There are definite consequences of the reduced require- 
ment for muscular activity in space. There is a loss of 
muscle strength and mass, just as has been found in 
studies of extended bed rest and limb immobilization. 
These studies show a consistent atrophy of muscle during 
disuse, with a breakdown of muscle protein, and changes 
in the balance of hormonal substances which regulate 
muscle metabolism. These studies also indicate that after 
only six weeks of use a recovery period of up to eight weeks 
may be required before peak muscle output can again be 
achieved. 


m - FLEXION, PREFLIGHT 
A ^ FLEXION, POSTFLIGHT 



REPETITION NUMBER 

Consistent loss in peak arm forces measured by dyna- 
mometer preflight and 9 days postflight for Skylab 3 
Commander (From Biomedical Results from Skylab). 


A SKYLAB 2 (28 DAYS) 
m = SKYLAB 3 (59 DAYS) 
# - SKYLAB 4 (84 DAYS) 



DAYS POSTFLIGHT 

Loss in average leg volume for Skylab crewmembers. The 
decreased loss for Skylab 4 is attributed to increased 
exercise during the mission (From Biomedical Results 
from Skylab). 

Observations made following extended space flight 
reflect the findings of laboratory investigations. Astronauts 
show a loss of strength in both arms and legs, with legs 
being more affected. There also is a decrease in leg 
volume, part of which is explained by a headward shift in 
circulating blood volume, with the remaining loss prob- 
ably attributable to a loss of muscle tissue. 

The Biomedical Research Program supports scientists 
who are studying the nature of muscle loss during space 
flight. An understanding of the biochemistry and time- 
course of this loss is necessary for the development of effec- 
tive countermeasures. This research deals with the two 
principal types of fiber which make up skeletal muscles. 
Fast fibers contract rapidly and fatigue easily. These are the 
fibers used in quick, forceful movements. Slow fibers con- 
tract slowly and are more resistant to fatigue. These fibers 
are used in maintaining posture in a gravity field. 
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To study muscle changes under spaceflight conditions, 
U.S. investigators have flown experiments in the Soviet 
Cosmos series, with weightless exposures in the order of 20 
days. Both muscle loss and changes in muscle structure 
were found. Weight loss in the soleus muscle of rats ranges 
from 25 to 38 percent when compared with control animals 
on the ground. 

Laboratory studies have shown that simulating weight- 
lessness through limb immobilization of the rat produces a 
greater degree of atrophy in the slow soleus muscle than in 
any of the fast muscles. The atrophied slow muscle has an 
impaired ability to utilize intracellular calcium, possibly 
leading to muscle breakdown. Other evidence, however, 
suggests that the muscle atrophy may be due more to a 
decrease in the formation of muscle tissue than an increase 
in muscle breakdown. This research found that insulin, a 
growth -promoting hormone, does not affect muscles of 
immobilized limbs as it does normal skeletal muscles. This 
is a step toward understanding the biochemistry of muscle 
loss during space flight. 

The ongoing laboratory research will be aided through 
use of new analytic techniques recently developed in the 
Medical Image Analysis Facility at NASA’s Jet Propulsion 
Laboratory in California. This technique uses a microscope- 
mounted television camera which converts the muscle 
image into numerical form and feeds it into a computer for 
analysis. The computer program produces a scatter plot 
showing the distribution of fibers by type as well as by 
diameter and optical density. 

At this time, the best countermeasure for muscle atrophy 
appears to be a program of rigorous physical exercise. 
Researchers are testing specific exercises that stimulate the 
anti-gravity muscles in particular. The use of pharmaco- 
logical agents and nutritional supplements also is being 
evaluated as a means of controlling muscle fiber change 
during prolonged weightlessness. 


Fluid and Electrolyte Loss 

The initial entry of an astronaut into weightlessness is 
accompanied by significant loss of fluids and electrolytes. 
The fluid loss is reflected by a rapid decrease in body mass, 
most of which is water. Sodium and potassium are excreted 
in unusually high amounts in the urine as well. Although 
the decline in body fluids does not appear to be hazardous 
while the astronaut is in space, it may reduce tolerance to 
the stresses of reentry. 

Many of these biochemical and fluid alterations reflect 
adjustments resulting from headward fluid shifts. This 
shifting of body fluids results in a puffiness of the face and 
a feeling of fullness of the head which lasts for many days 
into a mission. The redistribution of fluids produces at 
least a transient increase in central blood volume, which is 
interpreted by the body as an increase in total blood 
volume. Neural, hormonal, and direct hydraulic mecha- 



Inflight photograph of the Skylab 4 Pilot showing the 
facial puffiness attributed to headward fluid shifts. 


nisms are triggered that result in a compensatory loss of 
water and salts from the kidney tubules. Eventually, fluid 
balance is re-established at a new lower level of fluid 
volume, more appropriate to the weightless environment. 

Several innovative approaches are being utilized in 
NASA’s research program to simulate the weightlessness 
which produces fluid and electrolyte loss. Once again the 
bedrest model is widely used since many of the early 
physiological events observed in astronauts are known to 
occur during the first days of bed rest. Headward fluid 
shifts are even more pronounced in subjects exposed to bed 
rest with six-degree head-down tilt. This model of weight- 
lessness appears to reproduce more faithfully the signs and 
symptoms of space flight than horizontal bed rest. 

Head-out water immersion is a simulation model that 
results in changes in fluid volume and renal function 
similar to those that occur in space. This model has been 
used with both animal and human subjects. 

Another technique used to produce fluid shifts and trig- 
ger neural and hormonal compensatory mechanisms in- 
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Blood Alterations 



Hormonal control of electrolyte excretion (Aldosterone), 


volves using lower body positive pressure. Raising the at- 
mospheric pressure around the lower body of squirrel 
monkeys has been found to produce an increase in central 
venous pressure, elevated blood pressure and heart rate, 
and subsequent increased urine output and loss of elec- 
trolytes, including a significant decrease in plasma 
potassium concentration in the first 12 hours. 

One of the primary goals of NASA’s research program is 
to clarify the homeostatic mechanisms responsible for 
maintaining fluid and salt balance and to ascertain how 
these mechanisms are disturbed in the weightless environ- 
ment. A number of hormones and enzymes appear to be 
involved. Antidiuretic hormone, for example, is released 
by the pituitary gland and results in increased fluid reten- 
tion. Aldosterone, secreted by the adrenal cortex, in- 
fluences the excretion of sodium by the kidneys. Other 
hormones also are involved, including cortisol, renin, 
angiotensin, prolactin, and the prostaglandins. 

More sensitive assays are under development for a 
number of the hormones and enzymes so that k will be 
possible to measure very small changes with time. Scien- 
tists are also exploring the possibility that space flight 
might not only affect the output of hormones; it may also 
change the sensitivity of target tissues to the hormones that 
the body normally releases. Studies such as these are con- 
sistently demonstrating how the removal of gravity as a 
constant force disturbs the balance of a finely-tuned bio- 
chemical regulatory system within the body. 


Astronauts returning from space missions have been 
observed to have a kind of “anemia,” the major signs of 
which are a reduction in red blood cell mass, alterations in 
cell shape, and a decrease in plasma volume. Postflight 
alterations also have been found in white blood cells and 
certain blood proteins, important components of the 
body’s immune system. The full implications of these 
changes are as yet unclear. Skylab results suggest that these 
alterations represent a self-limiting adaptation to the 
stresses of space flight. There may even be a return to 
normal over a period of many months. Astronauts in the 
three Skylab flights, lasting for 28, 59, and 84 days, showed 
mean red cell losses of 9.4, 8.6, and 5.9 percent, respec- 
tively, a consistent improvement with flight duration. 

The cause for the red blood cell mass reduction has not 
been identified completely. It was first thought that the 
oxygen-enriched spacecraft atmosphere might be respon- 
sible, but this theory was discarded when crews on Apollo 
and Skylab missions, with lower concentrations of oxygen, 
showed similar blood alterations. 

It is now believed that the reduction in red cell mass is 
triggered by headward fluid shifts in weightlessness. Renal 
receptors may sense the local concentration of red blood 
cells and cause a decrease in the production of eryth- 
ropoietin, a protein secreted by the kidneys which 
stimulates the early formation of red blood cells. Skylab 
studies indicate red cell mass loss apparently is related to a 
suppression of production, since little evidence was found 
to support increased cell destruction. 

A number of investigators are studying the mechanisms 
of blood alteration as certain conditions of space flight are 
simulated in the laboratory. Lower body positive pressure 
is being used to induce a headward shift of body fluids in 
squirrel monkeys as a basis for studying the dynamics of 
red blood cell production. Studies have shown that exter- 
nal influences, such as might be present in prolonged 
space missions (oxidants, drugs, alterations in acid- base 
balance) have profound effects on the red blood cell mem- 
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Computer digital image analysis showing form and 
density variations in white blood cells. 

brane, causing a “stiffening'' and decreased ability to 
deform within the circulation. Such cells then are trapped 
and destroyed in the spleen. Since it is known that red 
blood cells show some alteration in form during space 
flight, this work would indicate that there is in fact some 
cell destruction which, together with reduced production, 
may account for the total cell loss. 

The effects of space flight on the body's immune system 
also are important and work is underway to develop tech- 
niques for precise measurement of white blood cell 
number and form under the stresses of space flight. Several 
NASA facilities are working, in a program coordinated by 
the Jet Propulsion Laboratory, to develop specialized 
equipment including a microscope, video camera, and 
computer capable of providing a visual image showing 
both qualitative and quantitative features of lymphocytes 
(white cells). The visual image of the cell is converted into 
a digital matrix which provides a numerical data form for 
rapid computer processing and storage. Scientists at the 
Johnson Space Center are using this system to study 
thymus dependent (T) and thymus independent (B) cells 
as they respond to immunological challenge as might be 
encountered by astronauts. 

In other work on immunologic defense, scientists are 
studying interferon. Type II, and its relation to disease 
resistance. Initial investigations with humans indicate that 
alterations in interferon production may prove useful as an 
indicator of infection. Further, there seems to be a genetic 
base for individual response to interferon. Such inform- 
ation could be of some value in screening future candidates 
for space flight on the basis of inherent resistance to infec- 
tious disease. 

Radiation Effects and Protection 

The unique nature of ionizing radiation in space 
presents a special hazard, particularly for long duration 


flight. The space environment contains electrons, protons, 
X-rays, neutrons, and high energy heavy ions called HZE 
particles. In the past, NASA’s Biomedical Research Pro- 
gram emphasized the biological effects of acute exposures 
to such radiation, particularly as appropriate to the 
development of guidelines for exposure limits on short- 
term missions. The research plan has recently been restruc- 
tured to address the question of chronic exposures and to 
prepare for longer duration flights planned for the future. 

Radiation exposure on previous space missions has not 
been excessive. Mission planners try to avoid periods of 
solar flares, known to produce sudden increases in the 
amount of radiation. The orbits and trajectories of pre- 
vious missions have also avoided the Van Allen Belts of 
trapped radiation as much as possible, and Shuttle mis- 
sions will do the same. 

The biological effects of H2E particles represent the 
most uncertain radiation hazard for future flights, particu- 
larly those planned for geosynchronous orbitor for deep 
space. Several research programs are underway to examine 
the long term effects of HZE exposure in animals and in 
mammalian cell cultures. 

Scientists are closely watching physiological and be- 
havioral changes in animal subjects exposed to low doses of 
HZE particle radiation to determine the effects of this 
unique hazard. An increase in the incidence of cancer is 
one potential danger of chronic exposure. Damage to non- 
regenerating tissue in the central nervous system and the 
eye may be another. Changes in performance are being 
measured in trained animals to determine whether this 
kind of radiation might produce behavioral alterations in 
space crews. The reproductive system is of particular in- 
terest because radiation is known to have specific effects on 
DNA and on reproductive cells. 

The measurement of radiation exposure in space is an 
important issue for NAS A’s Biomedical Research Program. 
The radiation research of NASA is done in concert with the 
rest of the Federal establishment through the Interagency 
Radiation Research Committee. This allows information 
developed elsewhere to be incorporated in the NASA pro- 
gram. 

A prototype universal dosimeter has been developed 
that is capable of measuring the accumulated dose from all 
types of space radiation in real time. Other instruments 
focus on measurement for specific kinds of radiation. 
About one-half of the total radiation exposure in space is 
from neutrons, and a device that passively measures 
neutron dose is being tested. Methods to measure the 
amount of HZE particle exposure are also in the test stage, 
using materials that detect particle tracks. These devices 
can be attached to astronauts' garments to measure human 
dose levels, and can also be used to measure radiation dose 
in different areas of the space cabin. 

The University of California is using its Bevalac accel- 
erator to produce HZE particle beams, simulating space 
radiation, to develop risk estimates based on exposure of 
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mice and mammalian cell cultures. This same facility is 
being used to study heavy particle radiation effects on 
nerve cell synapses and certain neurological cells. 

The design of a spacecraft necessitates certain constraints 
on the amount of shielding that can be used to protect the 
crew. Mathematical models are being developed to de- 
scribe the interaction of space radiation with biological 
systems and with potential shielding materials. Shield 
designs are under test that will ensure adequate protection 
against radiation without imposing too great a weight 
penalty on the vehicle. The results of these efforts will 
impact the development of career guidelines for radiation 
exposure, and may permit astronauts to travel safely in 
space more frequently and for longer periods. 


Behavior and Performance 

The crew of a spacecraft is exposed to a number of unique 
stresses not normally encountered on Earth. Among these 
are confinement, isolation, crowding, circadian rhythm 
disruptions, unusual work /rest cycles, monotony, and the 
ever-present danger of life-threatening emergencies. Un- 
usual conditions such as these are known to produce per- 
formance decrements in laboratory and field studies on 
Earth. Research is needed to determine the extent to which 
extended exposure to such conditions might also affect the 
performance of astronauts. 

The experience of Apollo 13 illustrates the need for 
superior performance during emergencies in space and also 
that human problem solving may suddenly become ur- 
gently required even during passive phases of a space flight. 
About 56 hours into the mission, the rupture of an oxygen 
tank set off a series of malfunctions that resulted in rapid 
depletion of oxygen supplies. Fortunately, both the ground 
and space crews were able to formulate creative solutions to 
the problem, and the spacecraft returned safely to Earth. 

Characterizing the effects of different types of spaceflight 
stressors on human behavior is an important goal of the 
NASA Biomedical Research Program. Studies are attempt- 
ing to isolate psychological factors which might affect per- 
formance and adjustment during space missions. In these 
studies, commercial airlines are cooperating with scientists 
examining problems of crew performance. The conditions 
in the cockpit of an airplane represent a reasonable analog 
to those in the Space Shuttle, particularly for investigations 
into the behavioral coordination of team members and the 
social-psychological aspects of small-group dynamics in a 
work setting. 

The confinement and isolation inherent in space travel 
may present particular psychological hazards, especially on 
longer missions. Measures therefore are being obtained of 
social interactions, endocrine response patterns, and be- 
havioral decrements in small groups of individuals during 
continuous residence in a programmed laboratory. 

A major goal in NASA's research on human behavior is 



Testing the aircraft control performance of a subject 
during a bedrest study. 


to be able to design appropriate countermeasures to pre- 
vent performance decrement during space travel. Previous 
missions have primarily attempted to solve the engineering 
and basic biological problems associated with space flight, 
but as solutions to these problems are acquired, more 
attention will be focused on psychological factors. Issues 
such as spacecraft habitability, individual motivation, crew 
compatibility, and maintenance of skilled performance 
over long durations will be emphasized in order to ensure 
that humans continue to perform effectively in space. 

An interesting approach to the development of behav- 
ioral countermeasures is found in research dealing with the 
nutritional control of neurotransmitters. Here, the investi- 
gator is studying the effects of dietary factors on intellectual 
function, alertness, and performance. Strict dietary control 
might prove to be an important factor in maintaining 
desired behavior during long missions. 


General Biomedical Problems 

The Biomedical Research Program encompasses a num- 
ber of approaches to the problem of maintaining the health 
and performance of space crews. The prevention and early 
detection of disease is an issue of obvious concern. Profiling 
techniques are being developed for the analysis of organic 
volatile metabolites in biological fluids so that such profiles 
can be used to identify chemical markers characteristic of 
viral infection. With this technique, which is based on 
high -resolution capillary gas chromotography, consider- 
able success has been achieved in analyzing serum samples 
to diagnose virus infection as well as to predict virus sus- 
ceptibility in a normal population prior to exposure. 

Changes in the immune system also are being evaluated 
as early indicators of disease. Techniques are being devel- 
oped for the differentiation of the subpopulations of one 
of the two major classes of lymphocytes, T cells. It is known 
that these subpopulations perform different functions 
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within the immune system. An antibody-producing 
hybridoma, Tumor 1-50, has been constructed which 
interacts with one subclass of T cells and not at all with B 
cells, thus providing a means for analyzing cell structure, 
function, and role in immunological defense. 

Decompression sickness remains a hazard for space 
crews, since the use of the space suit during extravehicular 
activity requires a change from a sea level atmosphere (14.7 
psi) to a much lower atmospheric pressure (4 psi). The 
Johnson Space Center is developing a quantitative index of 
individual susceptibility to decompression sickness based 
on physiological correlates including age, sex, lean-to-fat 
ratio, exercise, and effectiveness of inert gas elimination. 


This index will prove useful in establishing the type and 
extent of protection required by astronauts as they move 
outside a spacecraft for maintenance activities. 

Proper nutrition is a major concern of NASA. Ground- 
based investigations are in progress to assess metabolic 
changes and to measure the effects of zero gravity simula- 
tion on insulin production, triglyceride levels, and other 
features of carbohydrate and fat metabolism. Mathematical 
modeling of these metabolic changes is aiding in under- 
standing the interactions among the many biochemical 
factors. This research is a key element in our growing capa- 
bility to sustain astronaut health during long-term 
missions. 
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5. the future 


The Space Shuttle is the key element in American space 
activities for the near future. As the world’s first reusable 
space vehicle, the Shuttle introduces a new era of economy 
and utility into the American space program. The real 
value of the Shuttle, however, lies in the direction it pro- 
vides this program for more distant days. The Space Shut- 
tle, as the principal component of the Space Transportation 
System, was built for one purpose — to take things into 
orbit. All kinds of things — men, tools, building materials, 
habitats, other spacecraft — in short, anything necessary to 
further a vigorous and productive program of moving into 
space. Astronauts will be involved in all phases of this 
movement. The only change will be that the term “astro- 
naut” probably will come to apply to only a few of those 
making this move. The rest will be known as “space 
workers,” and there will be a need for large numbers of 
them. 

A possible use for the Space Transportation System is for 
the transport of materials into space for the construction of 
a “Solar Power Satellite.” Such a system could greatly 
reduce our dependence on fossil fuel as a national energy 
source. Under one plan, a chain of 60 satellites will be 


placed in a 22,000 mile orbit over the equator, requiring 
approximately 30 years for the delivery of all construction 
materials to the orbital site. Each satellite, basically a giant 
grid of solar cells, will measure more than three by six 
miles and will continuously convert sunlight into electrical 
energy which then will be transmitted by microwaves to 
Earth. Such a system could'satisfy roughly one-half of the 
current demand for electrical energy in America, 

The construction of any system such as that discussed 
will require the maintenance of a large labor force, involv- 
ing hundreds of workers, in an orbital environment. Estab- 
lishing selection criteria for space workers, meeting life 
support requirements, maintaining health standards, and 
providing countermeasures against the stresses imposed by 
long periods of work in orbital space represent real chal- 
lenges for biomedical scientists in the future. There will be 
comparable challenges presented as the nation embarks on 
long-duration manned missions to explore the planets in 
our solar system. The current efforts of the Biomedical 
Research Program are establishing a base of knowledge and 
technology with which future scientists can meet these 
challenges. 
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